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® An optical module comprises a plastic package 
10 constituted by a package main body 12 and a 
cover 14, sleeves 30, 31 formed integrally with the 
package main body 12, a circuit board 20 held in the 
package main body 12, light-activated elements 
fixed at predetermined positions of the circuit board 
20, three projections 50 to 52 formed integrally with 
an inner surface of the package main body 12 and 
brought into contact with a periphery of the circuit 
board 20 to position the circuit board 20 and springs 
54 lo 56 formed integrally with an inner surface of 
the package 10 to press the periphery of the circuit 
board 20 against the projections. Since the sleeves 
30, 31 and the package main body 12 are integrally 
formed by plastic molding, the number of compo- 
nents is reduced, thereby simplifying the assembling 
steps. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an optical 
module used in an optical communication system 
such as an optical data link or an optical local area 
network (LAN), which uses light as an information 
transmission medium. 

Related Background Art 

As optical modules used in an optical commu- 
nication system, there are a transmission module 
using a light-activated element such as an LED or 
a semiconductor laser as an electrooptic converting 
element (light-emitting element), and a reception 
module using a light-activated element such as a 
pin-photodiode as a photoelectric converting ele- 
ment (light-receiving element). Such an optical 
module generally has a light-activated element 
such as a light-emitting element or a light-receiving 
element, electronic components electrically con- 
nected to the light-activated element and arranged 
on a circuit board, a lens system, and a sleeve in 
which the end portion of an optical fiber is inserted. 
For an optical fiber with,, a fiber core having a 
diameter of several tens um, the light-activated 
element, the lens system, and the sleeve must be 
assembled at high precision. For this reason, an 
optical module as shown in Fig. 1 is conventionally 
used. 

The optical module shown in Fig. 1 has a 
cylindrical holding body 1. The holding body t is 
formed of a metal such as stainless steel. A lens 
(not shown) is arranged in the holding body 1 at 
one end. The other end portion of the holding body 
1 serves as a sleeve for receiving a ferrule (not 
shown) at the end portion of an optical fiber. A 
light-activated element 2 is fixed to the holding 
body 1 with an adhesive or the like. The light- 
activated element 2 is arranged such that the op- 
tical axes of the element 2, the ferrule connected to 
the holding body 1 and the lens are matched with 
each other. 

The holding body 1 having the light-activated 
element 2 fixed therein is supported, together with 
a circuit board 3, by a package main body 4 
consisting of a ceramic or metal. The terminals of 
the light-activated element 2 are connected by 
soldering (not shown) to electronic components 5 
such as bare chip ICs mounted on the circuit board 
3. 

The package main body 4 has inner lead pins 
6 mounted inside the body 4, and outer lead pins 7 
mounted outside the body 4 and electrically con- 
nected to the inner lead pins 6. The inner lead pins 
6 are electrically connected to terminals on the 



circuit board 3 by soldering. The wiring pattern and 
the electronic components 5 are sealed by a lid 8. 
Finally, a cover 9 is fixed to the package main 
body 4, thereby completing the optical module. 

5 In the conventional optical module as de- 

scribed above, the light-activated element 2 is held 
by the holding body 1 formed of a metal cylinder. 
The holding body 1 is an independent member 
which separates from the package main body 4 

io having the circuit board 3 mounted thereon and the 
cover 9. For this reason, there are many compo- 
nents of the module, resulting in higher productive 
cost and lower productive efficiency. 

Although not illustrated, an optical module is 

75 known in which a lead frame is used in place of a 
package main body and a cover. A circuit board 
and a light-activated element are mounted in the 
lead frame, and all these components are integrally 
molded with a plastic (Japanese Utility Model Laid- 

20 Open No. 2-126107). In this case, however, the 
light-activated element and the circuit board are 
independent members, as in the optical module 
shown in Fig. 1. Therefore, the same problem as in 
Fig. 1 is present. 

25 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present in- 
vention to provide an optical module which can be 
30 easily and precisely assembled without using a 
cylindrical metal holding body. 

In order to achieve the above object, according 
to the present invention, the constituent compo- 
nents of an optical module are integrally formed of 
35 a plastic. In this case, it is important to check 
whether a light-activated element such as a light- 
emitting element or a light-receiving element, a 
lens, and a sleeve can be precisely arranged by 
plastic molding. 
40 The present inventor made an examination 

based on Fig. 2 and found that a precision required 
to couple light with a quartz optical fiber (graded- 
index type, core diameter: 62.5 um) could be ±15 
urn in a plane perpendicular to the optical axis and 
45 ±50 um in a direction parallel to the optical axis. It 
was confirmed that, with this precision, the optical 
module could be realized with the dimensional pre- 
cision of the plastic molding. 

Fig. 2 is a graph showing a relationship be- 
so tween a deviation in optical axis and an optical 
power wherein the quartz optical fiber and the light- 
activated element are separated from each other 
by a predetermined interval. This graph was ob- 
tained in the following manner. Two lenses were 
55 arranged between an end of the optical fiber and 
the light-activated element. The lens far from the 
end face of the optical fiber was defined as the first 
lens, and the lens closer to the end face, of the 
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optica! liber was defined as the second lens. The 
first lens was fixed, and the second lens was sta- 
tionary with respect to the optical axis. In this state, 
the second lens was moved in the plane per- 
pendicular to the optical axis, and variations in 5 
optical power of light coupled to the optical fiber 
were checked. Referring to Fig. 2, L1 represents an 
interval between the first lens and the second lens, 
and L2 represents an interval between the second 
lens and the optical fiber. Fig. 2 shows variations in io 
power of light in five arrangements obtained upon 
changing the position of the second lens along the 
optical axis. As described above, the present in- 
ventor found, from graphs indicated by symbol A 
and 0, that a dimensional precision of ±15 urn was 75 
allowed in the plane perpendicular to the optical 
axis, and a dimensional precision of ±50 urn was 
allowed in the direction parallel to the optical axis. 
The present invention has been made on the basis 
of this examination. 20 

According to the present invention, there is 
provided an optical module comprising a plastic 
package, constituted by a package main body and 
a cover for closing an open portion of the package 
main body, for receiving and holding a connector 25 
plug connected to an optical fiber, a sleeve formed 
integrally with the package main body by plastic 
molding to receive an end portion of the optical 
fiber when the connector plug is held in the pack- 
age main body, a circuit board held in the open 30 
portion of the package main body, a light-activated 
element fixed at a predetermined position of the 
circuit board, three projections formed integrally 
with an inner surface of the package main body 
and brought into contact with a periphery of the 35 
circuit board to position the circuit board, spring 
means formed integrally with an inner surface of 
the package to press the periphery of the circuit 
board against the projections, and a condenser 
lens coaxially arranged in the sleeve. ao 

In the optical module having the above ar- 
rangement, since the sleeve and the package main 
body are integrally formed by plastic molding, the 
number of components is reduced, thereby sim- 
plifying the assembling steps. The circuit board is 45 
always supported by the projections at the pre- 
determined reference points. Therefore, when the 
light-activated element is arranged at the predeter- 
mined position with respect to the reference points, 
the light-activated element, the sleeve, and the lens so 
are coaxially arranged. 

According to the present invention, there is 
also provided a method of manufacturing an optical 
module having the above arrangement, comprising 
the steps of preparing a board supporting table 55 
having three positioning pins standing on a surface 
in substantially the same layout as that of the three 
projections, resting the circuit board on the surface 



of the board supporting table, pressing the circuit 
board such that the periphery of the circuit board is 
brought into contact with all the pins, and using 
contact points of the pins as reference points to fix 
the light-activated element at a predetermined posi- 
tion with respect to the reference points. 

When the light-activated element is to be ar- 
ranged on the circuit board, the positions where the 
circuit board is brought into contact with the projec- 
tions in the package main body, i.e., the reference 
points can be easily specified by using the board 
supporting table having the positioning pins ar- 
ranged in the same layout as that of the projec- 
tions. As a result, the light-activated element can 
be arranged at a position where the light-activated 
element is aligned with the sleeve and the lens. 

The present invention will become more fully 
understood from the detailed description given 
hereinbelow and the attached drawings which are 
given by way of illustration only, and thus are not 
to be considered as limiting the present invention. 

Further scope of applicability of the present 
invention will become apparent from the detailed 
description given hereinafter. However, it should be 
understood that the detailed description and spe- 
cific examples, while indicating preferred embodi- 
ments of the invention, are given by way of illustra- 
tion only, since various changes and modifications 
within the spirit and scope of the invention will 
become apparent to those skilled in the art from 
this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the course of the following detailed descrip- 
tion, reference will be made to the attached draw- 
ings in which: 

Fig. 1 is an exploded perspective view showing 

a conventional optical module; 

Fig. 2 is a graph showing variations in optical 

power or coupling power caused by a deviation 

in optical axis; 

Fig. 3 is an exploded perspective view showing 
an optical module according to a preferred em- 
bodiment of the present invention; 
Fig. 4 is a partially cutaway plan view showing 
the optical module shown in Fig. 3 in a dis- 
assembled state; 

Fig. 5 is a front view showing the optical module 

taken along a line V - V in Fig. 4; 

Fig. 6 is a rear view showing the rear surface of 

a package main body of the optical module 

taken along a line VI - VI in Fig. 4; 

Fig. 7 is a sectional view taken along a line VII - 

VII in Fig. 4; 

Fig. 8 is an enlarged perspective view showing a 
sleeve; 
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Fig. 9 is a perspective view showing a method 
of arranging a light-activated element on a cir- 
cuit board; 

Fig. 10 is a perspective view showing an optical 
module according to another embodiment of the 
present invention; 

Fig. 1 1 is a perspective view showing the optical 
module in Fig. 10, when viewed from a lower 
surface side; 

Fig. 1 2 is a perspective view showing a package 
main body and a circuit board of the optical 
module in Fig. 10; and 

Fig. 13 is a perspective view showing a method 
of assembling the optical module in Fig. 10. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the following description, like references 
characters designate like or corresponding parts 
throughout the several views. Also in the following 
description, it is to be understood that such terms 
as "front", "rear", "left", "right", "upper", and the 
like, are words of convenience and are not to be 
construed as limiting terms. 

Figs. 3 to 7 are views showing an optical 
module according to an embodiment of the present 
invention. This optical module is of a transceiver 
type which integrates a transmission module and a 
reception module. Referring to Fig. 3, reference 
numeral 10 designates an entire package formed 
by plastic molding. The package 10 comprises a 
package main body 12 and a cover 14 and serves 
as an optical connector receptacle for receiving 
connector plugs (not shown) provided at the end 
portions of transmission and reception optical fibers 
(not shown) to be connected. A circuit board 20 
having ICs (not shown), a light-emitting element 16, 
a light-receiving element 18, and the like fixed 
thereon can be mounted-in the package 10. 

The package main body 12 is of a rectangular 
prism shape or parallelepiped box shape and has a 
pair of side plates 22 and 23 arranged parallel to 
each other, an upper plate 24 and a bottom plate 
26. The upper and bottom plates 24 and 26 are 
arranged between the upper edges and between 
the lower edges of the side plates 22 and 23, 
respectively, to be parallel to each other. As is 
apparent from Fig. 7, the side plates 22 and 23 and 
the upper plate 24 have almost the same length. 
The bottom plate 26 is shorter than the side plates 
22 and 23 and the upper plate 24. One end of the 
bottom plate 26 is separated from the correspond- 
ing end portions of the side plates 22 and 23 and 
the upper plate 24 by a predetermined distance. A 
lateral plate 28 is arranged between the side plates 
22 and 23 to perpendicularly extend from the end 
portion of the bottom plate 26 to the upper plate 



24. Therefore, one end portion of the package main 
body 12 is closed by the lateral plate 28. The other 
end portion of the package main body 12 is open. 
The connector plug of the optical fiber is inserted 
5 into the open end portion. The open end portion 
side is conveniently referred to as a front side 
hereinafter. The side plates 22 and 23, the upper 
plate 24, the bottom plate 26, and the lateral plate 
28 are integrally formed of an appropriate plastic 
70 material. 

A pair of sleeves 30 and 31 are arranged in the 
package main body 12 to receive the ferrules (not 
shown) at the end portions of the optical fibers and 
align each ferrule with the light-emitting element 16 
75 or the light-receiving element 18 (to be described 
later). The sleeves 30 and 31 are parallelly ar- 
ranged in the lateral direction to be separated from 
each other by a predetermined interval and extend 
forward (the open end portion side of the package 
20 main body 12) from the front surface of the lateral 
plate 28. The sleeves 30 and 31 consist of the 
same plastic material as that of the lateral plate 28 
and the like and integrally formed on the lateral 
plate 28. Through holes 32 and 33 are formed in 
25 the lateral plate 28 at portions opposing the hollow 
portions of the sleeves 30 and 31. Together with 
the hollow portions of the sleeves 30 and 31, the 
through holes 32 and 33 form continuous holes 
which communicate the front inner portion to the 
30 rear inner portion of the package main body 12. 

When the connector plugs of the optical fibers 
are inserted into the package main body 12 and 
held, the ferrules of the optical fibers are inserted 
into the corresponding sleeves 30 and 31 and 
35 supported by the inner surfaces of the sleeves 30 
and 31 at desired positions. In the present inven- 
tion, the sleeves 30 and 31 are not formed of a 
metal but a plastic, so the inner surfaces of the 
sleeves 30. and 31, which are in contact with the 
40 metal or ceramic ferrules, can be worn upon at- 
tachment and detachment of the connector plugs. 
Particularly, the inner surfaces of the sleeves 30 
and 31 must be precisely formed to determine the 
radial positions of the ferrules. For this reason, 
45 friction between the sleeves 30 and 31 and the 
ferrules is increased. In this embodiment, to pre- 
vent or reduce the friction on the inner surfaces of 
the sleeves 30 and 31, a plurality of grooves 34 
extending in the axial direction are formed in the 
so inner surfaces of the sleeves 30 and 31, especially 
at portions in contact with the ferrule, and circum- 
ferentially spaced to each other, as shown in Fig. 8. 
With this arrangement, the contact area with re- 
spect to the ferrule is reduced, slidability is im- 
55 proved, and the wear of the contact surface is 
reduced. In addition, a tapered portion 36 is prefer- 
ably provided in the inner surface of the front end 
portion of the sleeve so that the ferrule can be 
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smoothly inserted into the sleeve 30 or 31. 

Lenses 38 and 39 are respectively arranged 
inside the sleeves 30 and 31, more particularly, at 
appropriate locations of the portions of the sleeves 
on which the ferrules do not abut. The lenses 38 
and 39 are positioned such that their optical axes 
match the longitudinal axes of the corresponding 
sleeves 30 and 31, respectively. The lens 38 
mounted in the sleeve 30 opposing the light-emit- 
ting element 16 focuses light from the light-emitting 
element 16 on the central portion of the end face of 
the corresponding ferrule, i.e., the end face of the 
fiber core. The lens 39 mounted in the sleeve 31 
focuses light emerging from the end face of the 
reception optical fiber on the light-receiving surface 
of the light-receiving element 18. 

The substantially rectangular circuit board 20 is 
arranged in a recessed portion (a portion defined 
by the inner surfaces of the side plates 22 and 23, 
the inner surface of the upper plate 24, and the 
rear surface of the lateral plate 28) 40 on the rear 
end portion side of the package main body 12. The 
circuit board 20 in this embodiment consists of a 
ceramic, an epoxy resin, or the like. A wiring pat- 
tern (not shown) is formed on the surface of the 
circuit board 20. and electronic components (not 
shown) such as ICs are mounted thereon. As 
shown in Fig. 3, a circuit on the circuit board 20 is 
electrically connected to an external circuit by a 
plurality of lead pins 42 extending from the lower 
edge of the circuit board 20. 

In this embodiment, the light-emitting element 
16 such as a semiconductor laser or a light-emit- 
ting diode and the light-receiving element 18 are 
mounted on the surface of the circuit board 20 as 
light-activated elements. The light-emitting element 
16 and the light-receiving element 18 are mounted 
such that the centers of the light-emitting and light- 
receiving surfaces almost match the central axes of 
the corresponding sleeves- 30 and 31 when the 
circuit board 20 is arranged at a predetermined 
position in the package main body 12. As is well 
known, in order to improve optical coupling effi- 
ciency between the light-emitting element 16 and 
the optical fiber, it is preferable to arrange a micro- 
ball lens (not shown) at the center of the light- 
emitting surface of the light-emitting element 16 
and fix it with a transparent adhesive or the like. 
Alternatively, a light-emitting element having a mo- 
nolithic lens may be used. 

A transparent lid 44 of a plastic is fixed on the 
surface of the circuit board 20 by an adhesive. The 
wiring pattern, the electronic components, and the 
light-activated elements 16 and 18 on the surface 
of the circuit board are shielded from an atmo- 
sphere by the lid 44. The transparent lid 44 has a 
rectangular flat plate portion 46 which is slightly 
smaller than the circuit board 20, and a peripheral 



portion 48 formed integrally with the peripheral 
edges of the flat plate portion 46 and perpendicu- 
larly depends therefrom. The end face of the pe- 
ripheral portion 48 of the transparent lid 44 is 

5 bonded to the surface of the circuit board 20. 
Therefore, a space is formed between the flat plate 
portion 46 of the transparent lid 44 and the surface 
of the circuit board 20, and the light-activated ele- 
ments 16 and 18 and the like are arranged in this 

10 space. 

As described above, the circuit board 20 is 
arranged in the recessed portion 40 on the rear 
end portion side of the package main body 12. The 
circuit board 20 is accurately positioned by three 
75 positioning projections 50 to 52 formed on the 
inner surface of the package main body 12. As is 
understood from Fig. 6, one of the projections 50 to 
52 is formed on the rear end portion side of the 
inner surface of the side plate 23, and the rernain- 
20 ing projections are arranged in the lateral direction 
on the rear end portion side of the inner or lower 
surface of the upper plate 24 to be separated from 
each other by a predetermined interval. The projec- 
tions 50 to 52 have a substantially semicircular 
25 section and extend along the longitudinal direction 
of the package main body 12. The circuit board 20 
is arranged in a state wherein its periphery is 
pressed against the projections 50 to 52 and posi- 
tioned. More specifically, one long side of the rec- 
30 tangular circuit board 20, i.e., the upper edge is 
brought into contact with the projections 51 and 52 
on the upper plate 24 of the package main body 
12. At the same time, one short side of the board 
20, i.e., the right side edge in Fig. 3 is brought into 
35 contact with the projection 50 on the side plate 23. 
With this arrangement, the circuit board 20 is sup- 
ported at the three points, and its movements 
along two axial directions perpendicular to each 
other and in the rotational direction are limited. 
40 Springs 54 to 56 for pressing the circuit board 20 
against the projections 50 to 52 are integrally 
formed on the rear end portion sides of the inner 
surfaces of the side plates 22 and 23 of the pack- 
age main body 12. As shown in Fig. 6, the spring 
45 54 for pressing the circuit board 20 upward is 
formed, at a position adjacent to the lateral plate 
28, on the inner surface of the side plate 23 having 
the projection 50. The spring 55 for pressing the 
circuit board 20 upward and the spring 56 for 
so pressing the circuit board 20 toward the opposing 
side plate 23 are provided, at positions adjacent to 
the lateral plate 28, on the inner surface of the side 
plate 22. Various shapes of the springs 54 to 56 
can be considered. In this embodiment, each of the 
55 springs 54 to 56 is an arch-like projecting piece 
having one end integrally fixed to the side plate 22 
or 23. When the circuit board 20 is arranged at a 
predetermined position to bring the surface of the 
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flat plate portion 46 of the transparent lid 44 into 
contact with the rear surface ol the lateral plate 28, 
the springs 54 to 56 are brought into contact with 
the outer surface ol the peripheral portion 48 of the 
transparent lid 44, thereby pressing the transparent 
lid 44. At this time, the springs 54 to 56 do not 
directly press the circuit board 20. However, since 
the transparent lid 44 is fixed to the circuit board 
20, the pressing forces of the springs 54 to 56 act 
on the circuit board 20 through the transparent lid 
44, thereby pressing the circuit board 20 against 
the projections 50 to 52. The circuit board 20 
pressed against the projections 50 to 52 by the 
springs 54 to 56 does not move in a plane defined 
by the surface of the circuit board 20. 

The positions where the projections 50 to 52 
are in contact with the circuit board 20 are kept 
unchanged. For this reason, when the light-emitting 
element 16 and the light-receiving element 18 are 
arranged at predetermined positions on the circuit 
board 20, the predetermined position being pre- 
viously determined on the basis of the contact 
points ,as reference points, the light-emitting ele- 
ment 16 and ; . the light-receiving element 18 are 
always arranged on . the central axes of the cor- 
responding sleeves 30 and 31, respectively, at the 
time of mounting the circuit board 20. 

As described above, the .package 10 of the 
optical module according to the present invention 
has the cover 14. The cover 14 closes the rear end 
portion of the package main body 12 to hold the 
circuit board 20. In this embodiment, the cover 14 
can be mounted at the rear end portion of the 
package main body . 12 by dovetail joints. More 
specifically, dovetail-like projections 58 and 59 
formed on the rear end surfaces of the side plates 
22 and 23 of the package main body .12 are 
engaged with dovetail grooves 60 and 61 formed at 
the corresponding positions on the front surface of 
the cover 14, thereby jointing the cover 14 and the 
package main body 12. 

At least one (two in this embodiment) spring 62 
is integrally formed on the front surface of the 
cover 14. When the cover 14 is mounted on the 
package main body 12, the springs 62 press the 
lower surface of the circuit board 20 forward. As a 
result, the circuit board 20 is pressed forward, and 
the front surface o1 the flat plate portion 46 of the 
transparent lid 44 is brought into tight contact with 
the rear surface of the lateral plate ,28, thereby 
arranging the circuit board 20 and the lateral plate 
28 almost parallel to each other. With this arrange- 
ment, the circuit board 20 is prevented from being 
separated from , the springs 54 to 56 of the side 
plates 22 and 23, and at the same time, a deviation 
in optical axis is prevented. The lead pins 42 of the 
circuit board 20 externally extend from a gap be- 
tween the cover 14 and the bottom plate 26 of the 



package main body 12 to enable connection to the 
external circuit. 

As described above, when the optical module 
of this embodiment is used, the circuit board 20 is 

5 accurately positioned with respect to the package 
main body 12. For this reason, the light-emitting 
element 16 and the light-receiving element 18 are 
coaxially arranged with the corresponding sleeves 
30 and 31 and the internal lenses 38 and 39, 

10 respectively. 

As is apparent from the above description, 
when the circuit board 20 having the light-emitting 
element 16, the light-receiving element 18, the 
. electronic components, and the transparent lid 44 

75 fixed thereon is arranged at a predetermined posi- 
tion in the package main body 12 and held by the 
springs 54 to 56, and the cover 14 is mounted, the 
optical module of the present invention can be 
easily manufactured. When the dimensional preci- 

20 sion of an actually assembled optical module was 
checked, it was confirmed that the dimensional 
precision among the sleeves, the lenses, and the 
light-activated elements was ±15.um r or less in a 
plane perpendicular to the optical axis and ±50 urn 

25 or less in a direction parallel to the optical axis. 
This falls within a tolerance of the optical coupling 
efficiency when a quartz fiber (graded-index type, 
core diameter: 62.5 urn) is coupled to a light- 
activated element. 

30 In case of the circuit board 20 of a ceramic, it 

is common that a large ceramic plate is divided 
along a predetermined line, thereby forming the 
circuit board 20. Generally, the periphery of the 
circuit board 20 obtained in this manner is not 

35 polished. Therefore, the size of the circuit board 20 
varies for each product, and each edge does not 
form a perfect line. 

For this reason, it becomes difficult to ac- 
curately mount the light-emitting element 16 . and 

ao the light-receiving element 18 at predetermined 
positions on the circuit board 20. If the light-emit- 
ting element 16 and the light-receiving element 18 
are inaccurately mounted on the circuit board 20, 
the light-emitting element 16 and the light-receiving 

45 element 18 are not aligned with the corresponding 
sleeves 30 and 31 even if the circuit board 20 is 
arranged at a predetermined position in the pack- 
age main body 12, as a matter of course. 

In the present invention, the light-emitting ele- 

50 ment 16 and the light-receiving element 18 may be 
mounted on the circuit board 20 using an appara- 
tus as shown in Fig. 9. The light-activated element 
mounting apparatus in Fig. 9 includes a board 
supporting table 64 having a flat upper surface on 

55 which the circuit board 20 is to be mounted. Col- 
umnar pins 70 to 72 are mounted on and per- 
pendicularly extend from the upper surface of the 
board supporting table 64 in the substantially same 
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layout as that of the positioning projections 50 to 
52 in the package main body 12. More specifically, 
the pins 70 to 72 are arranged such that points 
50a, 51a, and 52a in Fig. 6 match points 70a, 71a, 
72a in Fig. 9, respectively. These points is ones 
with which the circuit board 20 is brought into 
contact. Therefore, when the circuit board 20 rests 
on the board supporting table 64 such that a long 
side 20a and a short side 20b of the circuit board 
20 are brought into contact with the pins 70 to 72, 
the contact points of the pins 70 to 72 match the 
contact points of the positioning projections 50 to 
52, respectively. Using the contact points as refer- 
ence points, the light-emitting element 16 and the 
light-receiving element 18 are arranged on the cir- 
cuit board 20 at positions determined in advance 
with respect to the reference points. In this case, 
upon mounting the circuit board 20 in the package 
main body 12, the light-emitting element 16 and 
the light-receiving element 18 are arranged at pre- 
determined positions in the package main body 12 
regardless of the shape of the circuit board 20. 

When the light-emitting element 16 and the 
light-receiving element 1 8 are to be actually moun- 
ted on the circuit board 20, first of all. the circuit 
board is rested on the board supporting table 64. 
Thereafter, forces as indicated by arrows 74 to 76 
are caused to act on the circuit board 20, thereby 
holding the circuit board 20 on the board support- 
ing table 64. The light-emitting element 16 and the 
light-receiving element 18 are fixed at predeter- 
mined positions using the contact points of the pins 
70 to 72 as the reference points. When the light- 
emitting element 16 and the light-receiving element 
18 are to be fixed, a suitable manipulator such as a 
robot arm having a collet at the distal end thereof 
is preferably used. 

If the dimensional precision of the circuit board 
20 is high, the mounting positions of the light- 
emitting element 16 and the light-receiving element 
18 can be easily specified without using the above- 
described light-activated element mounting appara- 
tus. In this case, bottomed holes (not shown) can 
be formed at the element mounting positions on 
the circuit board 20 in advance, and the light- 
activated elements 16 and 18 can be fitted in the 
holes, thereby accurately positioning the light-ac- 
tivated elements 16 and 18. A ground electrode or 
a lead electrode for inputting/outputting an elec- 
trical signal may be provided by metallization or 
the like on the inner wall and the bottom surface of 
the bottomed hole. Metallized portions may be 
formed to be used as the mounting positions of the 
light-activated elements 16 and 18 without forming 
the bottomed holes. 

The preferred embodiment of the present in- 
vention has been described above. The present 
invention is not limited to this embodiment, as a 



matter of course. The optical module of the above 
embodiment is a module used for both transmis- 
sion and reception, and the light-emitting element 
16 and the light-receiving element 18 are arranged 
5 on one circuit board 20. However, the present 
invention can also be applied to an optical module 
having only one function of transmission or recep- 
tion. 

In the above embodiment, the springs 54 to 56 
70 press the circuit board 20 through the transparent 
(id 44. However, the springs may directly press the 
circuit board 20. 

In the above embodiment, the springs 54 to 56 
for pressing the circuit board 20 against the posi- 
75 tioning projections 50 to 52 are formed on the 
package main body 12. However, as in an optical 
module shown in Figs. 10 and 11, these springs 
may be arranged on the remaining members con- 
stituting the package. In the optical module in Figs. 
20 10 and 11, a space portion 80 for arranging a 
circuit board 20' is formed at the central portion of 
a package main body 12' (Fig. 12). A cover 14' is 
mounted from the lower side of the circuit board 
20' (Fig. 13). In this arrangement, as shown in Fig. 
25 13, a spring 56' for pressing the circuit board 20' 
against a positioning projection 50* on a side plate 
23' of the package main body 12' is provided on 
the inner surface of a side plate 22\ as in the 
above embodiment. However, springs 55' and 56' 
30 for pressing the circuit board 20' against position- 
ing projections 51' and 52' on the lower surface of 
the upper plate 24 are provided to the cover 14'. In 
this case, when the cover is mounted, the circuit 
board 20' is simultaneously completely pressed 
35 against the projections 50' to 52', so the optical 
module can be more easily manufactured. 

As has been described above, according to the 
present invention, the sleeves and the package 
main body are integrally formed of a plastic, and 
the light-activated elements are fixed on the circuit 
board in advance. With this arrangement, the op- 
tical module can be assembled in the number of 
manufacturing steps smaller than that of the prior 
art. Therefore, the optical module can be provided 
45 at lower cost. In addition, the package is formed of 
a plastic, so mass production can be achieved. 

Furthermore, the circuit board is supported at 
the three points. This arrangement can cope with 
circuit boards having various shapes and sizes, so 
so that a circuit board can always be supported at 
predetermined reference points. Therefore, when 
the light-activated elements are arranged at pre- 
determined positions corresponding to the refer- 
ence points, the light-activated elements, the 
55 sleeves, and the lenses can be coaxially arranged. 

From the invention thus described, it will be 
obvious that the invention may be varied in many 
ways. Such variations are not to be regarded as a 
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departure from the spirit and scope of the inven- 
tion, and all such modifications as would be ob- 
vious to one. skilled in the art are intended to be 
included within the scope of the following claims. 

The basic Japanese Application No. 5-245479 
filed on September 30, 1993 is hereby incorporated 
by reference. 

Claims . 

1. An optical module comprising: 

a plastic package for receiving and holding 
a connector plug connected to an optical fiber, 
said package including a package main body 
and a cover for closing an open portion of said 
package main body; 

a sleeve formed integrally with said pack- 
age main body by plastic molding to receive 
an end portion of said optical fiber when said 
connector plug is held in said package main 
body; 

a circuit board held in said open portion of 
said package main body; 

a light-activated .element fixed at a pre- 
determined position of said circuit board; 

three projections formed integrally with an 
inner surface of said package main body and 
brought into contact with a periphery of said 
circuit board to position said circuit board; 

spring means formed integrally with an 
inner surface of said package to press said 
periphery of said circuit board against said 
projections; and 

a condenser . lens coaxially arranged in 
said sleeve. 

2. A module according to claim 1, wherein said 
circuit board is substantially rectangular, one of 
said projections is in contact with a first side of 
said circuit board, and remaining two of said 
projections are in contact with a second side of 

. said circuit board, said second side being adja- 
cent to said first side. 

3. A module according to claim 2, wherein said 
package main body is a box of a substantial 
rectangular prism shape, said one of said pro- 
jections is formed on an inner surface of one 
side plate ol said package main body, and said 
remaining two of said projections are formed 
on an inner surface of an upper plate of said 
package main body. 

4. A module according to claim 1, wherein said 
spring means comprises a plurality of springs 
for pressing said circuit board against said 
projections. 



5. A module according to claim 5, wherein, when 
said circuit board is substantially rectangular, 
one of said projections is in contact with a first 
side of said circuit board, and remaining two of 

5 said projections are in contact with a second 

side of said circuit board, said second side 
being adjacent to said first side, said spring 
means comprises a spring formed integrally 
with an inner surface of the other side plate to 

io press said circuit board against said one of 

said projections, which, is provided on said one 
side plate, and a spring formed integrally with 
said inner surfaces of said side plates to press 
said circuit board against said remaining two of 

75 said projections, which are provided on said 

upper plate. , 

6. A module according to claim 1, wherein said 
cover is mounted from a rear surface side of 

20 said circuit board arranged in said package 

main body. - 

7. A module according to claim 1; wherein said 
cover is mounted from a lower side of said 

25 circuit board arranged in said package main 

body. 

8. A module according to claim 7, wherein, when 
said circuit board is substantially rectangular, 

30 one of said projections Is in contact wiih a first 

side of said circuit board, and remaining two of 
said projections are in contact with a second 
side of. said circuit board, said second side 
being adjacent to said first side, said spring 

35 means comprises by a spring formed integrally 

with an inner surface of the other side plate to 
press said circuit board against said one of 
said projections, which is provided on said one 
side plate, and a spring formed integrally with 

40 said cover to press said circuit board against 

• said remaining two of said projections, which 
are provided on said upper plate. 

9. A module according to claim 1, wherein a 
45 transparent lid is fixed to said circuit board to 

cover an electronic circuit and said light-ac- 
tivated element on said circuit board, and said 
spring means causes a pressing force to act 
on said circuit board through said transparent 
so lid. 

10. A module according to claim 1, wherein said 
optical module is a transmission module hav- 
ing a light-emitting element as said light-ac- 

55 tivated element. 

11. A module according to claim 1, wherein said 
optical module is a reception module having a 
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light-receiving element as said light-activated 
element. 

12. A module according to claim 1, wherein said 
optical module is a transmission/reception 
module having a light-emitting element and a 
light-receiving element as said light-activated 
element. 

13. A module according to claim 1, wherein a 
plurality of grooves are formed in an inner 
surface of said sleeve to extend in a longitudi- 
nal direction and circumferentially spaced to 
each other. 

14. A method of manufacturing an optical module 
comprising a plastic package for receiving and 
holding a connector plug connected to an op- 
tical fiber, said package including a package 
main body and a cover for closing an open 
portion of said package main body , a sleeve 
formed integrally with said package main body 
to receive an end portion of said optical fiber 
when said connector plug is* held in said pack- 
age main body, a circuit board held in said 
open portion of said package main body, a 
light-activated element fixed at a predeter- 
mined position of said circuit board, three pro- 
jections formed integrally with an inner surface 
of said package main body and brought into 
contact with a periphery of said circuit board to 
position said circuit board, and spring means 
formed integrally with an inner surface of said 
package to press said periphery of said circuit 
board against said projections, comprising the 
steps of: 

providing a board supporting table having 
three positioning pins mounted on a surface in 
substantially the same arrangement as that of 
said three projections; 

resting said circuit board on said surface 
of said board supporting table; 

pressing said circuit board such that said 
periphery of said circuit board is brought into 
contact with all said pins; 

defining contact points of said pins as ref- 
erence points; and 

fixing said light-activated element at posi- 
tion predetermined with respect to said refer- 
ence points. 

15. A method according to claim 14, wherein said 
circuit board is substantially rectangular, one of 
said pins is in contact with a first side of said 
circuit board, and remaining two of said pins 
are in contact with a second side of said circuit 
board, said second side being adjacent to said 
first side. 
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16. A method according to claim 14, wherein said 
light-activated element is a light-emitting ele- 
ment. 

17. A method according to claim 14, wherein said 
light-activated element is a light-receiving ele- 
ment. 

18. A sleeve provided to a receptacle of an optical 
connector, wherein said sleeve having a plural- 
ity of grooves formed in an inner surface there- 
of to extend in a longitudinal direction and 
circumferentially spaced to each other. 
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(54) Optical module, method of manufacturing the same, and sleeve 



(57) An optical module comprises a plastic package 
( 1 0) constituted by a package main body (1 2) and a cover 
(14), sleeves (30,31) formed integrally with the package 
main body (12), a circuit board (20) held in the package 
main body (12), light-activated elements fixed at prede- 
termined positions of the circuit board (20), three projec- 
tions (50) to (52) formed integrally with an inner surface 
of the package main body (12) and brought into contact 
with a periphery of the circuit board (20) to position the 
circuit board (20) and springs (54 to 56) formed integrally 
with an inner surface of the package (10) to press the 
periphery of the circuit board (20) against the projec- 
tions. Since the sleeves (30,31) and the package main 
body (12) are integrally formed by plastic molding, the 
number of components is reduced, thereby simplifying 
the assembling steps. 
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